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Abstract 
  Small scale hydropower energy goes a long way to fire up community development. Until 1920-30s, Japanese 
hydropower techniques had been established on a global level in each local area. However, after the second World 
War, the main energy resource was changed. This has resulted in a local decline in micro-hydro technical expertise 
and fewer waterwheel makers throughout Japan. At the present, we are going to work to re-make small scale 
hydropower technologies and markets. In this paper, we discuss and propose improvements to the “Japanese‟ small 
scale hydropower technology and production techniques, especially Pelton type wheel. 
     The Pelton wheel technology of Nepal was freely available in the public domain so we decided to design a system 
based on that. We decided to designed by 3D-CAD and to make our Pelton buckets using a 3D printer. We compared 
the power generation capacity of our waterwheel with one purchased from New Zealand to investigate its 
effectiveness and efficiency.  In our results of the experiment, the power generation curves for each turbine are 
approximately equal. The power increases continuously with increases in the flow rate. The maximum power 
generated by each turbine is approximately the same. This shows that it is possible to design a Pelton bucket that has 
a power generation efficiency comparable to a purchased bucket. 
     The next step, the Pelton turbine designed in this study was chosen to be included in the Itoshima micro-hydro 
power generation system. So we scaled up and redesigned the Pelton turbine. In addition, we conducted a survey 
involving waterwheel makers regarding connecting to cost reduction. 
      Using a 3D printer has the following advantages: 1.) Design deficiencies and failed designs can be identified at an 
early stage. 2.) Different forms of waterwheel can be made at low cost and in a short amount of time, which can then 
be used to run water experiments.  
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1. Introduction 
The introduction of renewable energy in rural areas has recently become popular. Micro-hydro power 
generation, one form of renewable energy, has attracted attention as an eco-friendly generation method 
that does not require constructing dams. The micro-hydro power generation amount is estimated based on 
the river pressure heads and flow rates. Japan has high mountains and rivers with steep gradients, which 
are good conditions for micro-hydro power generation. However, despite its high potential, micro-hydro 
power generation has not spread in Japan as it has in European countries. This can be attributed to 
technical challenges, system complexity, and construction and maintenance costs, among other factors. In 
this study, we paid particular attention to the technical challenges. We report on experiments with a 3D-
printed Pelton turbine, and the knowledge-building process of connecting global and local expertise. We 
propose improvements to the ͉Japanese͉ Pelton turbine design and production techniques, connecting to 
cost reduction. 
2. Technical and financial aspects of Japanese micro-hydro power generators 
Japan has a long history of linking hydropower with community development. In 1890, the Kyoto-
Keage hydropower station began to generate electricity for commercial use. By the 1920-30s, Japanese 
hydropower techniques had been established on a global scale. However, after the second World War, the 
main energy resource was changed from water to coal, oil, and nuclear energy. This has resulted in a local 
decline in micro-hydro technical expertise and fewer waterwheel makers throughout Japan. Micro-hydro 
waterwheel orders are therefore backlogged because current production capabilities are insufficient to 
fulfill them. Market prices for small scare are not appropriate to install. In this study, we have attempted 
to establish a technique for making waterwheels and to open it up to local makers in order to manufacture 
the wheel at low cost. We expect that the local manufacturing industry will become much more active as 
a result. 
3. Making a waterwheel with a 3D printer 
Japanese waterwheel manufacturing techniques are closely guarded, which meant that we had to seek 
out alternative ways of manufacturing it. The Pelton wheel technology of Nepal was freely available in 
the public domain so we decided to design a system based on that. However, casting the Pelton wheels 
cost a substantial amount of time and money. We therefore decided to make our Pelton buckets using a 
3D printer. We compared the power generation capacity of our waterwheel with one purchased from New 
Zealand to investigate its effectiveness and efficiency. 
3-1. Acquisition of appropriate technology 
A Pelton micro-hydro system made in New Zealand was purchased for the purpose of this study. The 
system dimensions are 470 × 400 × 430 mm with a generation capacity of 10–1,000 W. The waterwheel 
is made from nylon resin embedded with fiberglass. The maximum flow for electrical power generation is 
8–10 L/s. We designed the Pelton bucket based on that of Thake [1]. We manufactured 20 buckets using a 
3D printer and attached them to a waterwheel. Pelton turbines are typically specified by their pitch circle 
diameter (PCD), which is the tangential diameter at which the jet centerline passes the wheel [1]. The 
PCD and bucket size are then decided based on the flow rate and pressure head.  
3-2 Manufacturing buckets using a 3D printer 
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A 3D printer is a device that creates a three-dimensional object out of materials such as resin and metal, 
based on three-dimensional design data. In this study, we used a 3D printer that produced objects out of 
ABS resin. 
The buckets from New Zealand and the ones we produced are numbered as buckets 1 and 2, 
respectively. The buckets have the same dimensions of 62 × 68 × 22 mm. The splitter ridge is sharpened 
and smoothed down so that it cleanly splits the impinging jet into two halves. The water-catching 
component is made with as large a radius as possible to get good torque. The rest of the internal shape is 
designed to allow the water to flow freely around and out the edges. The end of the bucket is cut away to 
efficiently divert water to the next bucket. In addition, we compared the manufacturing costs and time 
taken per 3D-printed and die-cast bucket. 
3-3 Experimental procedure 
3-3-1 Testing method 
We first investigated the suitability of the printed buckets for model testing. Fig. 3 shows a schematic 
of the Pelton electrical generator. Water flows through the pipe from a head tank, divides into two 
branches, and then hits the waterwheel on both sides. The head tank keeps a constant water level of 9.8 m 
measured from the floor. The chain valve and main valve are fully opened and the flow rate is regulated 
by two small valves. We varied the flow rate and checked whether the 3D-printed Pelton turbine 
remained intact.  
3-3-2 Results and remarks 
In the experiment, we gradually increased the flow rate 
up to a maximum of 10 L/s. The 3D-printed Pelton turbine 
remained intact throughout the test. Fig. 1 shows the results 
of the experiment. The power generation curves for each 
turbine are approximately equal. The power increases 
continuously with increases in the flow rate. The maximum 
power generated by each turbine is approximately the same 
at 257 W and 260 W for turbines 1 and 2, respectively. This 
shows that it is possible to design a Pelton bucket that has a 
power generation efficiency comparable to a purchased 
bucket. 
 
 
4. Introduction of Pelton turbine to Shiraito Falls in Itoshima city 
Itoshima city plans to construct a micro-hydro power station at Shiraito Falls to supply electricity to 
sightseeing facilities. Itoshima city has appealed for micro-hydro power generation as a symbol of the 
introduction of the renewable energy to the city. This plan has two aims: 1) to increase the environmental 
consciousness of citizens and visitors, and 2) to create a citizen’s oasis and new tourist attractions. 
The Pelton turbine designed in this study was chosen to be included in the Itoshima micro-hydro power 
generation system. We scaled up and redesigned the Pelton turbine for a flow rate of 80 L/s and a 
pressure head of 29 m. A local iron manufacturer was commissioned to produce it.  

Fig. 1. The relationship between flow rate and power 
generated for buckets 1 and 2. 
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In addition, we conducted a survey involving waterwheel makers regarding the construction expense 
and production time based on the conditions at Shiraito Falls. Table 1 shows the results of the survey. We 
assumed that a 15 kW waterwheel was to be installed. All the manufacturers responded that they would 
produce a crossflow turbine. Based on the survey results, we found that local iron factories would be able 
to make a waterwheel by establishing design and fabrication facilities. They would also be able to reduce 
the production costs and reduce the required time. This will help to increase the industrial capacity and 
allow them to keep up with orders. 
 
Table 1. Comparison of the construction costs and production time of the generator component of Shiraito micro-hydro project 
 
5. Conclusion 
Using a 3D printer has the following advantages:  
1. Design deficiencies and failed designs can be identified at an early stage. 
2. Different forms of waterwheel can be made at low cost and in a short amount of time, 
which can then be used to run water experiments.  
We can therefore connect global and local knowledge of the waterwheel manufacturing process using 
the 3D printer. Future work will focus on the improvement of the 3D printing technique and its inclusion 
in more parts of the micro-hydro construction process. It is necessary to commission small, local factories 
to make the waterwheel, thus helping to improve waterwheel production techniques and reducing micro-
hydro construction costs. 
 
Acknowledgements 
This study is based on the results of “New Energy Venture Business Technology Innovation Program 
(FY 2012-2013)” of the New Energy and Industrial Technology Development Organization. 
 
References 
[1] Jeremy Thake, The Micro-Hydro Pelton Turbine Manual, Design, Manufacture and Installation for small-scale hydropower, 
Practical action publishing,2000. 
[2] UNVolunteers, Community Mobilisation in Nepal, http://www.miniaid.com/xpub/radc.pdf, 2001. 
[3] Ajoy Karki and Bhola Shrestha, Micro-Hydro Power in Nepal: Access to Electricity for Isolated Rural Population in the Hills 
and Mountains, International Energy Journal, 3(2), 2002. 
 
Biography  
Mina Takagi is a master course student of the department of civil engineering of Kyushu 
University. She is studying river engineering in watershed management laboratory. 
Generator portion A company B company C company
Pelton (10 kW) ¥3,200,000
Crossflow (5 kW) ¥1,600,000
Generator ¥800,000
Control Panel
Wiring
Total Over
¥50,000,000
Over
¥31,000,000
¥25,000,000
Production time
(months)
15-20 15–20 -12
¥11,200,000
7
Shiraito Project
Turbine (15 kW)
¥50,000,000
¥19,000,000 ¥12,000,000
¥4,800,000 ¥13,000,000
¥12,200,000
¥1,600,000
